SUMMARY There is a recognised but poorly understood association between hypothermia and acute pancreatitis. A histological study of the pancreas was made in eight patients with accidental hypothermia who had evidence of pancreatitis at necropsy. From an analysis of the patterns of parenchymal necrosis in the pancreas it was thought that there were at least three possible mechanisms for the relation between hypothermia and pancreatitis. Firstly, that ischaemic pancreatitis may result from the "microcirculatory shock" of hypothermia. Secondly, that both hypothermia and pancreatitis may be secondary to alcohol abuse; and finally, that severe pancreatitis may be the primary disease and that hypothermia results from the patients' social circumstances.
Acute pancreatitis is recognised to be a common finding in adult patients with accidental hypothermia. Between 50% and 65% of hypothermic patients have a raised serum amylase activity, and acute pancreatitis is found at necropsy in 20-30% of cases. ' 2 The mechanisms involved in this relation have remained obscure.
Recent work by the author has shown that at least two basic factors are involved in the initiation of acute pancreatitis, and that these can be recognised on histological examination of the pancreas.3 "Periductal" necrosis, where there is inflammation of pancreatic excretory ducts with inflammation and necrosis of surrounding parenchyma, was associated with pancreatitis secondary to gallstones, alcohol abuse and diabetes. "Perilobular" necrosis, where necrosis is confined to the microcirculatory periphery of the pancreatic exocrine lobule, was associated with pancreatitis occurring secondary to either septic or cardiogenic shock and was thought to represent ischaemic pancreatitis. While either of these patterns of necrosis can be found as the sole manifestation of pancreatitis, periductal necrosis may result in damage to adjacent vessels, which then thrombose. Such thrombosis will result in sludging in the microcirculation and thus perilobular necrosis. Therefore when both periductal and perilobular necrosis are found together periductal necrosis is presumed to represent the initial event.
This paper presents the clinical findings and patterns of pancreatic necrosis seen in eight patients with pancreatitis and accidental hypothermia. On the basis of these findings an attempt is made to explain the mechanisms involved in their relation. It has been argued that the changes in the microcirculation during hypothermia resemble those in shock, and consist of a loss of microcirculatory control with hypoperfusion.4 In severe hypothermia local accumulation of metabolites and hypoxia in the microcirculation result in loss of arteriolar and precapillary sphincter tone. The venous side of the microcirculation is thought to be less susceptible to these factors and thus the capillaries become engorged with stagnant blood and the patient develops hypotension. Fluid and red cells leak out of the circulation when the capillary endothelium is damaged by hypoxia. This results in the tissue appearance of engorged capillaries, haemorrhage into the interstitial space and intra and extra vascular coagulation. This was exactly the appearance seen in the periphery of the pancreatic lobules in patients one and two who both died within two days of the hypothermic episode. Thus it appears that in the first five patients, who had only perilobular necrosis, with no evidence of duct inflammation, the pancreatitis was secondary to the "microcirculatory shock' of primary hypothermia. It could be argued that case 2 was alcoholic and case 3 had gallstones and that these could be the causes of the pancreatitis. However, previous studies have shown no association between perilobular necrosis as the sole form of pancreatitis and these causes of pancreatitis.
Ischaemic damage to the pancreas as a result of hypothermia has been previously suggested as a cause of pancreatitis. Two case reports suggested that hypothermia had caused intravascular coagulation and that this had precipitated ischaemic pancreatitis. The patient studied by Savides and Hoffbrand5 had thrombosis of the superior pancreatico-duodenal vein and intrapancreatic veins, in addition to infarction of areas of the gallbladder. duodenum and both adrenals. The second patient, reported by Mahood and Evans6 had both haematological and post mortem evidence of disseminated intravascular coagulation (DIC). Neither patient was hypotensive on admission. Activation of the coagulation system is a recognised occurrence in patients with accidental hypothermia,7 but DIC is also a recognised complication of acute pancreatitis.i Thus it is difficult to decide whether pancreatitis or hypothermia caused the intravascular coagulation. The finding of pancreatic duct inflammation reported in Savides and Hoffbrand's patient would be unusual in an ischaemic pancreatitis and might suggest that pancreatitis was the initial event. Similarly. in Mahood and Evans' report, where no details of the pancreatic morphology are given, the patient was an alcoholic who could have developed primary alcoholic pancreatitis. Thus in both cases the exact sequence of events is still in doubt.
Cases 6, 7 and 8 had duct inflammation and periductal necrosis. This form of pancreatitis has been associated with alcohol abuse or the presence of gallstones. Both cases 6 and 7 were alcoholic and case 8 had gallstones. Chronic alcoholism predisposes a patient to accidental hypothermia9 and it may be that in case 6, who had only microscopic pancreatitis, with no evidence of perilobular necrosis, both hypothermia and pancreatitis were secondary to alcohol abuse. Case 8 had the most extensive pancreatitis of the group. On admission she was noted to have a distended silent abdomen and a tachycardia. The histological appearance of widespread periductal necrosis is entirely consistent with a gallstone aetiology for the pancreatitis and is not seen in pancreatitis secondary to shock. Thus here it is likely that the patient had primary gallstone pancreatitis and developed hypothermia as a result of exposure (she lived alone and was found unconscious on the floor of her flat). In case 7 the presence of duct inflammation and periductal necrosis is strongly suggestive of an alcoholic aetiology for the pancreatitis. Whether the hypothermia was secondary to alcohol abuse as suggested in case 6, or pancreatitis as suggested in case 8 remains a moot point.
Four of the patients studied were receiving diuretics.
By 1977 pancreatitis had been reported in 16 patients treated with these drugs in whom no other cause for the pancreatitis was apparent. 10 Considering the high prevalence of diuretic usage this is obviously a very rare association, and a causal role for diuretics has not yet been fully established. In the present study other predisposing factors were present which correlated with the morphological appearances in the pancreas, so a drug aetiology for the pancreatitis seems unlikely.
Conclusion
Three possible mechanisms for the relation between accidental hypothermia and pancreatitis in this series are proposed. In cases 1-5 hypothermia appears to have been primary. They have developed the "microcirculatory shock" of hypothermia, which has resulted in ischaemic pancreatitis. In case 6 both the pancreatitis and hypothermia appear to have been the result of alcohol abuse, and in case 8 it seems likely that hypothermia developed secondary to primary gallstone pancreatitis. It will require a larger series based on these lines to determine the relative frequencies of these various mechanisms in the relation between accidental hypothermia and acute pancreatitis.
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